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Abstract. Seven cenopopulations of H. officinalis L. were studied in the basin of the Manzhokha River in
the south of the Central Russian Upland. The area of hyssop cenopopulations varies from 570 to 9000 m?;
the number of specimens — from 347 to 1.340; the density of cenopopulations — from 0.22 to 0.74
specimens/m?. Specimens of H. officinalis L. in cenopopulations are characterized by a random group
arrangement. The resistance of H. officinalis L. specimens on the slopes along the roads was shown. This
makes the culture promising for green building and for strengthening the slopes of the roads. During the
flowering period, H. officinalis L. forms thickets with a productivity from 281.1 to 871.1 kg of raw
material. Cenopopulations growing on chalk outcrops are promising for the collection of H. officinalis L.
raw materials. In all habitats, individuals of H. officinalis L. have stable seed productivity in the range
from 6.56 to 9.54 g per individual.
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Aunnoramnus. Msydensr cemp nenononyisiiuii H. officinalis L. B 6acceiine pexn Manmpkoxa Ha rore
Cpenunepycckoid Bo3BbIIeHHOCTH. [1nomans neHonony Uil uccona u3MeHsercs B npegenax ot 570 mo
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9000 m?; uncno ocobeit — ot 347 o 1 340 5k3.; nuoTHOCTH LeHonomynsimit — ot 0,22 1o 0,74 5K3./ M2,
Jnst ocobeit H. officinalis L. B neHomonmymsmusx XapakTepHO CIy4ailHO-TPYIIIOBOE PACIIOJIOKCHUE.
ITokazana ycroiunBocts ocobeit H. officinalis L. na ckimonax Bmoiap mopor. DTo [emaeT KyIabTypy
MEePCIIEKTHBHON IS 3€JICHOTO CTPOMTENBCTBA M MPU YKPEIUICHUU CKIOHOB J0opor. B mepuon 1BereHus
H. officinalis ¢opmupyer 3apocmu ¢ npoxykruBHocThio 281,1... 871,1 Kr cwlporo BelecTsa.
IepcnexTuBHBIMU 1t cOopa ceipbs H. officinalis L. sBistroTes meHomomysuum, pacTyIiyue Ha MEITOBBIX
obHaxkeHnsx. Bo Bcex wectooburanmsix ocobm H. officinalis L. umeror crabunbHyro ceMeHHYIO
MPOAYKTHBHOCTS B mpejenax 6,56... 9,54 r Ha 0coOb.

KuaroueBbie c¢jI0Ba: SK3EMIUISIPHAS HACBILIEHHOCTb, NPOAYKTUBHOCTb 3€JIE€HOM MAacChl, CEMEHHAs
MIPOJAYKTUBHOCTb, OMOJOTHUYecKre pecypcsl, CpenHepyccKkasi BO3BBIIIIEHHOCTh

Jns uutupoBanusi: ®Owrato C.B., [ymaues /I.B. 2022. Llenonomynsiumu Hyssopus officinalis L. B

Benropockoit 061acTh: MPOCTPAHCTBEHHASI CTPYKTypa W OHOPECYPCHbIH MOTeHIMaN. [1oesoil JcypHal
6uonoza, 4(1): 80-90 (ma anrm.). DOI: 10.52575/2712-9047-2022-4-1-80-90

Introduction

Species of the genus Hyssopus L. belong to the most ancient medicinal plants known since
the time of Hippocrates. Even genus specific name — Hyssopus officinalis L. — indicates its valu-
able medicinal properties. Hyssop has antiseptic, anti-inflammatory, analgesic, wound healing,
mild stimulating, antitussive properties [Javadi et al., 2017]. Among the wide variety of and ge-
netically related to steroids, are of particular interest for physicians and pharmacologists (in par-
ticular, pentacyclic triterpenic acids — ursolic and oleanolic, possessing hepatoprotective, antivi-
ral and antitumor activity) [Tahir et al., 2018].

As a medicinal raw material for H. officinalis, flowering leafy shoots are used, which are
cut off during the flowering period in July-August [Popova, Mihaylova, 2018]. Dried in the
shade in a ventilated room or in a dryer at a temperature not exceeding 30-40 °C. The content of
the essential oils complex in the aboveground mass of hyssop, according to various sources, in
green leaves and inflorescences is from 0.8-2.0 to 2.5-3.0 %, in dry grass — 0.6-1.0 % of the es-
sential oils [Fathiazad, Hamedeyazdan, 2011; Guardo et al., 2017].

The main components of the essential oil are geraniol, borneol, thujone, fellandrene, pi-
nocampon. In addition, the plant contains flavonoids, ursolic and oleic acids, tannins and bitter
substances, resins, gums, pigments, etc. Medical institutions are also using hyssop for the pre-
vention of infectious diseases — for medical phytodesign. In addition, hyssop is also used as a
source of raw materials for the perfumery industry, and is also a valuable melliferous crop
[Evstatieva et al., 2007; Dumacheva et al., 2015; Chernyavskikh et al., 2019 a, b; Semerdjieva et
al., 2019; Zagorcheva et al., 2020].

All of the above makes the species H. officinalis promising for studying in places of its
natural growth.

In the Belgorod Region, scientists of the Belgorod State University study the flora and
vegetation of the region, the distribution of medicinal and food wild plants, adventives species
and introduced species [Tokhtar' et al., 2011; Chernyavskih et al., 2012; 2013; 2018; Kurskoy et
al., 2014]. The region has a high biodiversity. H. officinalis is an introduced species in the Belgo-
rod region. The first cenopopulations were identified in the VVolokonovsky district about 30 years
ago [Dumacheva et al., 2015].

Populations of H. officinalis formed in gully complexes on eroded chernozems and dis-
turbed residual calcareous soils of the Belgorod region. Populations of medicinal hyssop were
found in the Belgorod region between the villages of Nizhnie Lubyanka and Verkhniye
Lubyanka (Volokonovsky district); at the source of the Useredets River near the village of
Staraya Bezginka (Novooskolsky District) [Dumacheva et al., 2015; Dumacheva et al., 2018].
Breeders of Belgorod State University have created two varieties of H. officinalis — “Volo-
konovsky’ (2018) and ‘Lazar’ (2020) [Dumacheva et al., 2017, 2019].
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The goal of the work was to study the bioresource potential and raw material base of the
species H. officinalis in the basin of the small river Mandzhokha, Belgorod region.

Material and methods

The study area included the southeastern macroslope of the Central Russian Upland within
the Belgorod Oblast of the Russian Federation. There are widespread landscapes with calcareous
soils and chalk outcrops [Cherniavskih, 2009, 2016; Dumacheva, Cherniavskih, 2014].

The climate of the studied area is moderately continental. Its main features: large annual
temperature range, relatively mild winters with frequent thaws and snowfalls; sunny, long sum-
mer; moderate and not quite stable humidification with predominance of summer precipitation.
The amount of precipitation does not exceed 525-585 mm.

A feature of the Belgorod region is a high agricultural and industrial development of the
territory, a high level of the erosion processes development. The territory has a fairly high in-
dented ravines and ravines with a density of about 1.5 km/ km?.

The territory is characterized by the maximum uplift within the south of the Central Rus-
sian Upland — up to 272-276 m above sea level. Soils: gray forest, typical chernozems, leached
and podzolized. Agricultural lands occupy about 60 % of the area [Lisetsky et al., 2019; Cherni-
avskih et al., 2019 d].

Field research in 2016-2018 were carried out according to the methods of geobotanical and
biogeocenological studies [Programma i metodika..., 1966].

The methodological basis of research: the doctrine of the centers of origin and diversity of
cultivated plants, microgencenters (secondary anthropogenic gene centers), the theory of the
formation of a secondary anthropogenic microgencenter in the Cretaceous south of the Central
Russian Upland [Cherniavskih et al., 2019 a, b, c].

Seven cenopopulations of H. officinalis were the objects of study. Populations were select-
ed in different habitats (Table 1).

Three large cenopopulations of H. officinalis were identified in the Mandzhokha River ba-
sin on the slopes along the road cut: CPH-11, CPH-12, CPH-13.

Cenopopulation CPH-21 is located at the bottom of a gully, on a pasture in the upper
reaches of the Mandzhokha River.

Three cenopopulations of H. officinalis were found on the chalk outcrops on the slope
above the road: CPH-31, CPH-32, CPH-33.

Table 1
Ta6mmma 1
The hyssop habitats studied in the experiment
I/IBYHCHHBIC B OIIBITE MECTOOOMTAHMS UCCOIa
Cenopopulation Habitats Geographical coordinates
Ilenonomymnsust MecrooOuTanus ['eorpadudeckne KOOpAMHATHI
N 50.452539
CPH-11 A slope along a road cut E 37779710
N 50.449861
CPH-12 A slope along a road cut E 37.803149
N 50.447691
CPH-13 A slope along a road cut E 37.806393
CPH-21 The bottom of the gully, in the pasture in the N 50.459335
upper reaches of the Mandzhokha River E 37.739115
. N 50.453519
CPH-31 Chalk outcrops on the slope above the highway E 37811321
N 50.458624
CPH-32 Chalk outcrops on the slope above the road E 37815128
N 50.461569
CPH-33 Chalk outcrops on the slope above the road E 37.818080
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The area of each hyssop cenopopulation within natural boundaries (m?) was estimated. In
each cenopopulation, test plots of (10 x 10) m were laid. The test plots provided a fairly com-
plete picture of the studied cenopopulations. In each test site, 4 counting sites with a size of 1 x 1
m were laid. The boundaries of each test site and counting site were marked with wooden pegs.
On each test site, the number of hyssop individuals was counted. The absolute number of indi-
viduals on each site and the specimen saturation were determined by the calculation method
[Programma..., 1966].

To assess the productivity of green mass, 20 hyssop plants were cut at each plot at ground
level during the flowering phase. Plants were selected at random. To assess seed productivity,
10 plants were randomly selected from each plot. The plants were cut down at ground level.

The beginning of the passage of phenological phases, the number of early flowering and
late flowering individuals were noted. The density of bushes, the height of individuals in the
phase of technical ripeness and in the phase of seed ripening, the degree of pubescence, the
length and width of leaves, the number of whorls in inflorescences, the number of inflorescences,
the length and width of inflorescences, and the size of flowers were determined.

Leafiness was estimated as a percentage. For this, the mass of leaves from one plant was
multiplied by 100 and divided by the total mass of leaves and stems. The results were statistical-
ly processed.

Results and discussion

The carried-out route studies made it possible to assess the spread of the new culture over
the territory of the Mandzhokha River basin. The distance between ecological points in our stud-
ies ranged from 5 to 15 km. The results of studying the spatial structure of H. officinalis ceno-
populations at the reference stationary points are presented on Table 2.

Table 2
Tabnuna 2
Spatial structure of H. officinalis cenopopulations in the Manjokha river basin
IIpocrpancTBeHHas CTpyKTypa ieHonomyssinuii H. officinalis B 6acceiine pexn Manmkoxa

. ) Absolute number of Species richness (density), ex./ m?
Cenopopulation Square, m individuals, ex. DK3eMIADHAA HACHIIICHHOCTS
enonomymnsus I[nomaas, M2 AbcomoTHOE 2

aHeIT0 0COBEH, 3K3. (TUTOTHOCTB), 9K3./ M
CPH-11 9 000 670 0.74
CPH-12 700 470 0.67
CPH-13 1600 630 0.39
CPH-21 3400 750 0.22
CPH-31 890 576 0.65
CPH-32 570 347 0.61
CPH-33 2880 1340 0.46
Average 2720 683 0.53
Cv*, % 134.1 66.2 33.4

Note: Cv * — coefficient of variation.

The area of H. officinalis cenopopulations on the slopes along the road cut (CPH-11, CPH-
12, CPH-13) varied widely — from 700 to 9 000 m?, averaging 3 767 m?. Three large cenopopu-
lations of H. officinalis were identified in the area of the Mandzhokha River on the slopes along
the road cut: CPH-11, CPH-12, CPH-13. The area of these hyssop cenopopulations varied over a
wide range — from 700 to 9 000 m?, averaging 3 767 m?. The number of individuals varied with-
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in narrower limits — from 470 to 670 specimens, averaging 590 specimens, specimen saturation
(density) varied from 0.39 to 0.74, leaving an average of 0.6 pcs / m2,

The CPH-21 cenopopulation is located at the bottom of a ravine, on a pasture in the upper
reaches of the Mandzhokha River. This cenopopulation is the second largest in terms of area af-
ter the CPH-11 site. But in terms of specimen saturation, it is minimal — 0.22 pcs / m?.

The area of cenopopulations on the Cretaceous outcrops (CPH-31, CPH-32, CPH-33) var-
ied from 570 to 2 880 m?, averaging 1447 m?, the absolute number of individuals averaged
754 individuals, and the average density was 0.57 pcs / m2.

It was found that individuals of hyssop are characterized by a random-group arrangement.
An assessment was made of the size of groups of hyssop individuals in natural habitats. The
most common are the aggregations, the number of which varies from 17 to 60 individuals or
more. On average, the number of plants in one cenopopulation is about 683. The coefficient of
variation is quite high — Cv = 66.2 %. The level of species richness of hyssop in our studies was
about 0.53 pcs / m? (Cv = 33.4 %).

The maximum density of hyssop specimens (0.74 pcs / m?) was characteristic of the CPH-
11 cenopopulation near the road.

The largest population was the CPH-33 cenopopulation, located above the road on a chalk
slope — 1.340 pcs.

Cenopopulations CPH-11 are distinguished by individuals with tall dense bushes, while
cenopopulations CPH-12 and CPH-13 have dense bushes of medium height.

The height of plants in the phase of technical ripeness varies from 46 cm in individuals of
the CPH-12 cenopopulation to 57 cm in individuals of the CPH-11 cenopopulation; in the flow-
ering phase — from 53 cm in CPH-13 to 64 cm in individuals of the CPH-11 cenopopulation; in
the seed maturation phase — from 58 cm in CPH-13 individuals to 75 cm in individuals of the
CPH-11 cenopopulation.

The leafiness of individuals varies from 44 % in individuals of the CPH-11 cenopopulation
to 48 % in individuals of the CPH-12 cenopopulation.

The average leaf length varies from 1.9 cm in individuals of the CPH-11 cenopopulation to
2.8 cm in individuals of the CPH-13 cenopopulation.

The average leaf width varies from 0.7 cm in individuals of the CPH-12 cenopopulation to
1.3 cm in individuals of the CPH-13 cenopopulation.

Inflorescences in the studied cenopopulation differ in the number of whorls on inflores-
cences: from 16.4 pcs for CPH-13 up to 17.9 pcs at CPH-11.

The flowering time in individuals of the studied cenopopulations differs. In cenopopulation
CPH-11, the proportion of early flowering individuals is 10 %. Cenopopulation CPH-12 has ear-
ly flowering 5 %, while CPH-13 has late flowering.

The length of flowering parts in inflorescences varies from 13.1 cm in CPH-12 individuals
to 17.8 cm in CPH-11 individuals. Width — from 1.6 cm in CPH-11 to 2,1 cm in CPH-13. The
number of inflorescences varies from 59.5 pcs for CPH-13 up to 73.2 pcs at CPH-11.

Individuals of the local cenopopulation CPH-21 have loose bushes of medium height. Plant
height varies from 47 cm in individuals in the technical ripeness phase to 64 cm in the seed rip-
ening phase. The stem has an average degree of pubescence. The leafiness of individuals is about
44 %. The average length of the leaves is 3.1 cm, the width is 1.2 cm.

The number of whorls in the inflorescences of the CPH-21 cenopopulation is 16.2 pcs. The
number of early flowering individuals does not exceed 15.

The length of the flowering parts of the inflorescences of the CPH-21 cenopopulation is the
maximum among all those studied — 21.8 cm with a width of 1.9 cm. The size of the flowers is
also maximum — 11.6 mm. The number of inflorescences reaches 73.5 pcs.

Cenopopulation CPH-31 has low spreading bushes, while cenopopulation CPH-32 has
bushes of medium height, dense, and bushes of CPH-33 are of medium height, spreading.
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Plant height in the phase of technical ripeness varies from 35 cm in the special cenopopula-
tion CPH-31 to 42 cm in individuals of the cenopopulation CPH-32; in the flowering phase —
from 46 cm in CPH-31 to 58 cm in individuals of the CPH-33 cenopopulation; in the phase of
seed maturation — from 49 cm in CPH-31 individuals to 66 cm in individuals of the CPH-33 ce-
nopopulation.

The leafiness of individuals varies from 46 % in individuals of the CPH-33 cenopopulation
to 51 % in individuals of the CPH-31 cenopopulation.

The average leaf length varies from 2.2 cm in individuals of the CPH-31 cenopopulation to
2.7 cm in individuals of the CPH-32 cenopopulation. The average leaf width varies in a narrow
range from 1.1 cm in individuals of the CPH-31 and CPH-32 cenopopulations to 1.4 cm in indi-
viduals of the CPH-33 cenopopulations.

Inflorescences in the studied cenopopulations differ in the number of whorls on inflores-
cences: from 14.8 pcs for CPH-33 up to 17.6 pcs from CPH-32.

The flowering time in individuals of the studied local cenopopulations differs. In cenopula-
tion CPH-31, the proportion of early flowering individuals is 10 %. For cenopulations CPH-32
and CPH-33 — apply late flowering.

The length of flowering parts in inflorescences varies from 13,7 cm in CPH-33 individuals
to 17.8 cm in CPH-32 individuals. Width — from 1.7 cm in CPH-31 to 2.1 cm in CPH-33.

The number of inflorescences in the second year of vegetation varies from 61.0 pcs for
CPH-31 up to 71.2 pcs from CPH-33.

The assessment of the total productivity of aboveground phytomass and seed productivity
of individuals in local cenopopulations has been carried out. It has been shown that there is a
fairly strong interpopulation variation for all studied characters (Table 3).

Table 3
Tabnuna 3
Indicators of the total productivity of H. officinalis individuals in cenopopulations
of the Mandzhokha River basin
ITokasaresnu obeit mpoaykrueHOCTH 0ocobeit H. officinalis
B IICHOIIOITYJISAUAX Oaccelina PCKHU MaH}.‘[)KOXS.

Attribute Cenopopulation
TIpusnakx Ilenononymsiust

CPH-11 CPH-12 | CPH-13 | CPH-21 | CPH-31 | CPH-32 | CPH-33

Aboveground phy-
tomass of one
specimen, kg of
wet matter
Hanzemuas ¢u-
TOMacca OJIHOU
0CO0H, KT CBIPOTO
BEIIECTBA

1.21+0.06 | 1.46+0.05 | 1.14+0.05 | 0.98+17 | 0.76+0.04 | 0.81+0.03 | 0.65+0.03

Seed weight per
specimen, g
Macca ceMsH ¢
OHOM 0cobu, T

954+1.1 | 7.85+15 | 7.09+£1.3 | 6.56+1.1 | 7.25+0.9 | 9.04+1.3 | 6.77%£1.2

Weight of 1000
seeds, g

Macca 1000 ce-
MSH, T

1.4+0.02 | 1.2+0.04 | 1.3+0.06 | 1.4+0.05| 1.2+0.04 | 1.3+0.06 | 1.2+0.06

By the value of the aboveground phytomass of one individual, the studied wild cenopopu-
lations can be ranked in decreasing order: CPH-11 — CPH-12 — CPH-13 — CPH-21 — CPH-
32 — CPH-31 — CPH-33. Individuals of hyssop from cenopopulations that grew in residential
areas near the road have an average phytomass of 1.27 kg. This is 29.6 % higher than that of the
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CPH-21 cenopopulation in the pasture, and 71.6 % higher than that of the cenopopulations on the
chalk outcrops. On chalk outcrops, the average phytomass of hyssop individuals does not exceed
0.74 kg (Fig. 1, 2).

Fig. 1. General view of cenopopulation CPH-11
Puc. 1. O6uwmii Bun nenonomyssiiuu CPH-11

Fig. 2. Individual hyssop plants from different populations, ripening at different times:
A - cenopopulation CPH-12; B — cenopopulation CPH-21; C — cenopopulation CPH-33
Puc. 2. anuBuayanpHbIE paCTEHUS UCCOMA U3 PA3THYHBIX TOMYJISINI, CO3PEBAIONINE B PA3HOE BpEMSI:
A — nenononysiust CPH-12; B — nenononynsitius CPH-21;
C — nenononynsus CPH-33
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Individuals of two cenopopulations CPH-11 and CPH-32 had the maximum and similar
seed productivity. In terms of this indicator, they exceeded all other cenopopulations by 21.5...
45.4 % on average.

The low seed productivity of individuals of the cenopopulation CPH-21 is possibly related
to the fact that at the end of the growing season, during the period of seed reproduction, individ-
uals of hyssop in the pasture are damaged by animals during grazing.

An important indicator, which, according to researchers, is genetically determined in
plants, is the mass of 1 000 seeds. It is noteworthy that this indicator slightly differed between
cenopopulations and varied in the range from 1.2 to 1.4 g. Apparently, when considering the
studied hyssop cenopopulations, the founder effect cannot be excluded.

The Figure 3 shows the data on the total aboveground phytomass of the studied hyssop ce-
nopopulations during the flowering period.

1000
800

600

ke

400

200

Cenopopulation

m CPH-11 = CPH-12 mCPH-13 m CPH-21 = CPH-31 mCPH-32 mCPH-33

Fig. 3. Total aboveground phytomass of H. officinalis cenopopulations in the Mandzhokha River basin
Puc. 3. O6mras Hagzemuas putomacca nenonomnyisuii H. officinalis B 6acceiine pexn Manmkoxa

In accordance with the Rules for the procurement of food forest resources and the collec-
tion of medicinal plants, the collection of aboveground organs («grass») of perennial plants is
allowed once within 4-6 years 1 2.

Cenopopulations, which are located near the road during the flowering period, form an av-
erage of 738.4 kg of aboveground phytomass. However, for the collection of hyssop raw materi-
als, the cenopopulations CPH-11, CPH-12, CPH-13 cannot be used, since the proximity of the
road increases the risk of contamination of the phytomass of the hyssop with heavy metals.

The study of these cenopopulations is of value, since it shows the stability of hyssop in
conditions of anthropogenic pollution and the possibility of using this species for landscaping the
roadside and slopes in road construction.

The CPH-21 cenopopulation growing in the pasture also forms a fairly large aboveground
phytomass. However, the collection of raw materials on the pasture is also not recommended
[Chukuridi et al., 2012].

! Pravila shora i sushki lekarstvennykh rasteniy: (sh. instruktsiy) [Rules for the collection and drying of medic-
inal plants: (collection of instructions)]. 1985. M.: Meditsina, 328 p.

2 Ob utverzhdenii pravil zagotovki pishchevykh lesnykh resursov i sbora lekarstvennykh rasteniy: Prikaz Min-
isterstva prirodnykh resursov i ekologii Rossiyskoy Federatsii [On the approval of the rules for the procurement of
food forest resources and the collection of medicinal plants: Order of the Ministry of Natural Resources and Ecology
of the Russian Federation]. 28.07.2020 No. 494 (14.12.2020, reg. Ne 61428)
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Of the seven cenopopulations studied, only three coenopopulations (CPH-31, PH-32 and
CPH-33) are located at a distance of more than 2 km from the highway. Cenopopulations grow-
ing on chalk outcrops are promising for collecting raw materials. The CPH-33 cenopopulation in
terms of aboveground productivity exceeds the CPH-31 and CPH-32 cenopopulations by 1.99
and 3.09 times, respectively, due to its large area.

Conclusion

Thus, in the course of the research, stable in time cenopopulations of medicinal hyssop in
the basin of the Mandzhokha River of the Volokonovsky District of the Belgorod Region were
revealed. During the flowering period, hyssop forms thickets with a productivity of 281.1...8711
kg of wet matter. Individuals of hyssop have a seed productivity of 6.56...9.54 g per individual.
Sufficiently close indicators of the aboveground productivity and the mass of 1000 seeds were
obtained. This allows us to conclude that there is stable seed reproduction and the possibility of
replacement renewal in the studied cenopopulations.

The studied hyssop cenopopulations can serve as a source of collecting valuable raw mate-
rials. They are also a place of selection of new initial forms with valuable traits and properties
for breeding.

The authors are grateful to V.I. Cherniavskih,
Doctor of Agricultural Sciences, Chief Scientific to the
employee of the Natural and Landscape Complex "Bo-
tanical Garden of the National Research University"
BelSU " for methodological assistance in planning and
conducting research.
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